SUMMARY Ambulatory oesophageal motility/pH monitoring permits accurate detection of oesophageal events during spontaneous chest pain episodes. Opinions differ, however, about the methods to review the extensive motility data and the definition of abnormal motility changes. We studied 30 patients (18 women, age 46 years) with suspected oesophageal chest pain using a portable recording system attached to a 4.5 mm catheter with pressure transducers 3 and 8 cm and pH probe 5 cm above the lower oesophageal sphincter (LOS). An event marker was triggered by the patient for chest pain. In the patient's diary, pain was recorded on a scale of increasing severity 1-10. Two methods of analysis were used to assess 24 hour motility data. The 24 hour technique sampled five minute asymptomatic baselines throughout the study to define the patient's normal range of oesophageal motility. The second technique used only the 10 minute period immediately before each chest pain episode as the asymptomatic baseline. Chest pain episodes were defined as abnormal if associated with pH<4 or motility changes not present during the asymptomatic baseline analysis: 135 chest pain episodes were recorded. The method of motility analysis significantly (p<001) changed the number of chest pain episodes associated with abnormal motility: 24 hour technique -14 episodes (10%) versus a 25-fold increase with the 10 minute baseline technique -33 episodes (24%). Acid related pain episodes were similar in both groups -13%. The majority of chest pain episodes had no association with abnormal motility or acid reflux. Increasing chest pain severity was inversely correlated with the presence of abnormal oesophageal events. We conclude that limited analysis of 24 hour motility data may over diagnose motility related chest pain events and lead to inappropriate medical or surgical therapy.
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Twenty four hour oesophageal ambulatory motility and pH monitoring is a new research tool for the investigation of non-cardiac chest pain. This technique offers several advantages over conventionally available oesophageal tests: (1) it permits evaluation of multiple, spontaneous chest pain episodes occurring over a prolonged period of time, (2) patients can be studied as outpatients in their home or work environments, and (3) this system allows a direct correlation between the patient's complaints of chest pain and oesophageal motility activity and acid reflux.
Several laboratories have been developing ambulatory motility systems,'`but only two All patients were studied in the outpatient setting after an overnight fast. They were requested to stop any drug therapy known to alter oesophageal pressures or reduce gastric acidity for 24 hours before the study and for the duration of the study. The pH and motility systems were standardised before each study. The tip of the pH electrode was positioned between the pressure transducers and secured by silk sutures. The combined probes were placed transnasally and positioned with the pressure transducers at 3 cm and 8 cm and the pH electrode at 5 cm above the lower oesophageal sphincter as determined by previous manometry. The probes were secured to the face with tape and the individual leads connected to the recording units worn on a belt around the waist. Digital clocks on the tape recorder and pH recorder were synchronised and served as time references for events recorded in the patients diaries. All patients were allowed normal activity and foods of pH 5 analysing motility data significantly (p<OOI) changed the number of chest pain episodes associated with abnormal oesophageal motility (shaded area). Note that regardless of the analysis technique, the majority of chest pain episodes had no association with either abnormal oesophageal motility or acid reflux.
abnormal peristalsis exceeding the highest frequency observed during any patient's asymptomatic baseline. Similar criteria were used for the 10 minute baseline analysis technique except for the determriunation of abnormal motility based on mean amplitude and duration during the chest pain episode. The small number of contraction waves measured during the baseline period prevented the use of a statistical analysis using standard deviation to describe the normal asymptomatic range of pressures. Therefore, the statistical analysis compared means±standard errors -that is, chest pain amplitude (x -1 SE)> asymptomatic baseline amplitude (x + 1 SE) for the episode to be defined as associated with 'abnormal motility'. A chest pain episode was defined as pH associated if it occurred within two minutes of an episode of gastroesophageal reflux (pH less than 4). A chest pain episode was considered to be associated with abnormal motility and pH if the above criteria were met together during the individual chest pain episode. The differences in the two analysis techniques for the 30 patients were compared by X2 analysis.
The pH parameters initially defined by Johnson and DeMeester'°were used to identify the presence of pathological acid reflux. The 24 hour pH parameters were considered abnormal if the subjects' values exceeded the 95% confidence level derived from 20 asymptomatic healthy volunteers (eight men, mean age 31 years) previously studied in our laboratory.
In order to evaluate the relationship between chest pain severity and oesophageal events (abnormal pH and/or motility), the chest pain scores derived from the 10 point scale were arbitratily divided into two groups: mild pain -scale 1 to 5 and severe pain -scale 6 to 10. Chi square analysis was used to compare various relationships between pain groups as determined by the two analysis techniques.
Results
During the 24 hour ambulatory oesophageal motility and pH monitoring, all 30 patients experienced replication of their chest pain. These patients noted a total of 135 spontaneous chest pain episodes (5x4.5 episodes per patient, range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Patient groups could be subdivided based upon results of 24 hour pH tests. Eleven patients had abnormal acid reflux parameters (five upright, two supine, four both) and 18 patients had normal reflux values. The two analysis techniques did not result in significant differences among the reflux patients: 24 hour analysis -eight abnormal motility (24%), 11 acid reflux (27.5%), two both (5%), 19 neither (47.5%) v 10 minute baseline analysis -nine abnormal motility (22.5%) 10 acid reflux (25%), three both (7.5%), 18 neither (45%). On the other hand, among the 18 patients with normal 24 hour pH parameters, the 10 minute baseline analysis identified a significantly greater (p<0.01) percentage of chest pain episodes associated with abnormal motility: 24 hour analysis -six abnormal motility (6.3%), four acid reflux (4.2%), one both (1%), 84 neither (88.4%) v 10 minute baseline analysis -24 abnormal motility (25.3%), five acid reflux (5.3%), 66 neither (69.4%).
Among the five criteria for abnormal motility, maximum duration and amplitude were the most common contraction abnormalities identified by both analysis techniques. Remembering that individual chest pain episodes may have more than one abnormal motility criterion, maximum amplitude or duration was abnormal in 82% of the motility associated chest pain episodes identified by the 24 hour technique and 86% of the motility associated chest pain episodes identified by the 10 minute baseline technique. As would be anticipated, variations in pressure criteria for these two contraction abnormalities contributed to most of the differences observed between the two analysis techniques (Table 2) .
Only 83 of the 135 chest pain episodes (61%) were scored on the 10 point pain scale. By the 24 hour analysis techniques, 13/49 (27%) mild (score 1-5) and 5/34 (15%) severe (score 6-10) chest pain episodes were associated with acid reflux and/or abnormal motility. Similarly, 19/49 (39%) mild and 11/34 (32%) severe chest pain episodes were associated with abnormal oesophageal activity when a 10 minute baseline analysis was used. As shown in Table  3 , there was an inverse relationship between patients' In our experience, the majority of patients with non-cardiac chest pain have their symptoms daily or every other day and frequently have multiple chest pain episodes over 24 hours. One might hope that pain severity would predict the presence of abnormal oesophageal events and thereby eliminate the need to analyse minor pain episodes. The present study indicates, however, that the patient's subjective perception of pain severity is a poor predictor of the presence of abnormal oesophageal events. In fact, abnormal oesophageal events were significantly less frequent during the more severe chest pain episodes. These observations are consistent with the concept that pain is a complex process mediated by factors such as personality traits, mood status, individual cultural values, and environmental events.'9 Pain assessment may be particularly difficult in noncardiac chest pain patients because they have a high prevalence of underlying psychiatric disorders20 21 and are generally sensitive to a variety of oesophageal stimuli, many of which normally do not cause chest pain in healthy subjects.2 '23 The development of 24 hour oesophageal pH monitoring has markedly improved our ability to associate a variety of symptoms with abnormal gastro-oesophageal reflux. It is hoped that 24 hour oesophageal motility monitoring will add the same refinement to the association of non-cardiac chest pain with oesophageal motility disorders. Current ambulatory motility systems allow us to accurately record oesophageal pressures in the patient's home and work environment. In the future, computerised analysis will allow the rapid interpretation of this large data base as has occurred with oesophageal pH monitoring. The definition of abnormality, however, and clarification of preferred analysis techniques must be developed by the human investigators. This study is an attempt to begin to address these important questions. 
